Neurotransmitter-related immunocytochemistry of the organ of Corti.
The principles of immunocytochemistry were outlined in 1942 by Coons et al. and in the 1970's immunocytochemistry emerged as a powerful method for identifying structures and tracing pathways in the nervous system. It now plays a fundamental role in the neuroanatomical and histochemical analysis of the central nervous system. The first immunocytochemical studies of the mammalian cochlea were reported in 1980, from three different laboratories. Since then many studies on cochlear immunocytochemistry have been carried out, concerned with questions about neurotransmitter candidates or about structural proteins. This review describes immunoreactivity of enkephalin, choline acetyltransferase (ChAT), glutamate decarboxylase (GAD), gamma-aminobutyric acid (GABA), aspartate aminotransferase (AATase) and glutaminase (GLNase) in the organ of Corti. ChAT is the enzyme that catalyzes the synthesis of acetylcholine (ACh). GAD is the terminal enzyme in the biosynthesis of the inhibitory neurotransmitter GABA. AATase and GLNase are two enzymes involved in the metabolism of the excitatory neurotransmitter candidates aspartate and glutamate. We have much relied on surface preparations of the organ of Corti. We have also used cryostat sectioning of the cochlea, particularly when there was a need to apply a number of different antisera to comparable preparations from one and the same cochlea. We have used immunofluorescence and immunoperoxidase procedures. Immunoperoxidase procedures have given us better signal noise ratio for specific immunoreactivity (in surface preparations) than has immunofluorescence. Occasionally, to achieve maximal resolution of surface preparations in light microscopy studies, we have used enhanced contrast video display. We have found immunoreactivity in efferent fibers in the organ of Corti following the application of antisera to enkephalin, ChAT, GAD, GABA, AATase and GLNase. Most of these different antisera give different distributions of immunoreactivity and other antisera have evoked no immunoreactivity in the organ of Corti. To the best of our knowledge, the cells of origin of efferent axons and terminals in the organ of Corti are located in the brainstem. Originally described as crossed and uncrossed olivocochlear neurons, these efferents have recently been classified into a medial and a lateral system predominantly innervating, respectively, the outer hair cell region and the inner hair cell region. However, our findings on the distribution of GAD- and GABA-like immunoreactivity indicate that there may be more than two different systems of efferents in the organ of Corti, as previously suggested by Schwartz and Ryan (1983).